Introduction
Postoperative sore throat is a common complication of intubation during general anaesthesia. The prevalence of postoperative sore throat ranges from 14% to 68% of patients undergoing tracheal intubation [1] . Postoperative sore throat is recognised as an undesirable postoperative outcome, potentially persisting for several days, which can affect patients' satisfaction and activities even after hospital discharge [2] [3] [4] . Effective prevention of postoperative sore throat is thus desirable.
Proposed causes of postoperative sore throat include: mucosal erosion by the tracheal tube cuffs [5, 6] ; mechanical trauma from intubation; and inflammation of the mucosa [7] [8] [9] . Studies have suggested that various anti-inflammatory and analgesic agents, such as inhaled corticosteroids [10] , systemic corticosteroids [11, 12] , ketamine gargle [13] , liquorice gargle [14] , and topical benzydamine hydrochloride [15] , could prevent postoperative sore throat. To our knowledge, however, no systematic review has summarised the magnitude of their prophylactic efficacy from the numerous randomised trials published.
We, therefore, conducted a systematic review and meta-analysis to assess the efficacy and safety of corticosteroids applied to tracheal tubes in preventing postoperative sore throat in adult patients undergoing surgery under general anaesthesia.
Methods
We conducted and reported this systematic review based on the Cochrane Collaboration methodology [16] and PRISMA statement [17] . We considered parallel-group, randomised, controlled trials investigating adult patients undergoing elective surgery under general anaesthesia.
We required that all patients' tracheas be intubated with tracheal tubes. We did not study patients who underwent head and neck surgery or in whom laryngeal mask airways were placed.
Intervention groups needed to receive corticosteroids applied to tracheal tubes, irrespective of the type and dose of corticosteroids after randomisation. We excluded trials that tested inhaled, systemic or intra-cuff corticosteroids as the intervention, or arms that used a combination of corticosteroids and other agents.
Comparator groups were required to receive either of the following after randomisation: non-analgesic controls including water, saline, standard care and no lubrication; or analgesic agents with known effect on postoperative sore throat. We placed no restrictions on language or publication status.
We searched PubMed, EMBASE, the Cochrane Central Register of Controlled Trials, Wanfang Database and the China Academic Journal Network Publishing Database. We also searched Google Scholar and Web of Science and reviewed the references of included trials for potentially relevant trials. Our search strategy is outlined in Supporting Information Table S1 . We updated our search on December 7, 2017.
Two authors in pairs (AK, HM, RS and MA) independently reviewed titles and abstracts obtained by the search, and selected relevant articles. Disagreement was resolved through discussion. The same authors independently extracted the following information from each study: patient characteristics (age, sex and ASA physical status classification); study characteristics (country and type of surgery); information on interventions (types of corticosteroids used) and the outcomes specified below.
The same authors independently assessed the risk of bias using the Cochrane risk of bias assessment tool [16, 18] .
Given that sore throat is a subjective outcome, we required that participants were blinded to the type of interventions that they received. We also examined sponsorship or conflict of interest. Any disagreements were resolved through consensus. We attempted to contact the original study authors for more information if an email address was available. We deemed that the authors were unresponsive when no reply was obtained after three contact attempts. We assessed the quality of evidence for all outcomes according to the Grading of Recommendations, Assessment, Development and Evaluation (GRADE) [19] [20] [21] criteria that classifies evidence as high, moderate, low or very low.
Our primary outcomes were the incidence of postoperative sore throat 24 h after surgery/extubation and adverse events. Our secondary outcomes were the incidence of postoperative cough and postoperative hoarseness 24 h after surgery/extubation. For dichotomous outcomes, we calculated the risk ratio (RR) with its corresponding 95% confidence interval (CI). When trials had zero events in either arm, continuity corrections were applied with the addition of 0.5 to each cell of 2 9 2 tables from the trial [22] . Given the studies were clinically diverse, we pooled data using the random-effects model [23] . Statistical heterogeneity was assessed statistically with the I 2 and Q statistics [24, 25] . We tested for a small study effect or publication bias using Egger's method [26] [27] [28] , and if present, we corrected these with a trimand-fill technique [29] .
We conducted primary analyses for two comparisons, namely, corticosteroids vs. non-analgesic controls (including no lubrication) and corticosteroids vs. analgesic agents. We conducted subgroup analyses by the type of corticosteroids used. We tested for interaction using a chi squared significance test for subgroup analysis [30] . We also performed meta-regression analyses [31] with age, sex, duration of anaesthesia and surgery, and sample size as potential covariates, some of which are known risk factors for postoperative sore throat [1] .
We also conducted sensitivity analysis by excluding trials of high or unclear risk of bias in sequence generation, 
Results
Our search initially produced 2544 titles and abstracts ( Fig. S1 ). After applying our inclusion and exclusion criteria, we finally included 20 randomised controlled trials involving 2200 patients [35] [36] [37] [38] [39] [40] [41] [42] [43] [44] [45] [46] [47] [48] [49] [50] [51] [52] [53] [54] (Table 1 ). The ASA physical status classification, corticosteroid agents and comparators are listed in Table 1 .
Corticosteroids were applied from the distal tip of tracheal tubes to a distance of 15 cm (eight trials) [36-38, 42, 45, 48-50] , 10 cm (one trial) [43] , 17 cm (one trial) [46] and to one-third of the distal area over the tubes (two trials) [40, 53] ; the remainder did not specify the size of the lubricated area. All but five of the trials were published in English; four were written in Chinese [40, 44, 52, 53] and one in Indonesian [54] . We attempted to contact 14 authors, and three responded [36, 37, 39] . Table 2 reports our judgements about the risk of bias for each of the domains specified in the methods section.
Corticosteroids vs. non-analgesic controls
Data on postoperative sore throat 24 h after surgery were provided in 18 trials (1506 patients) [35] [36] [37] [38] [40] [41] [42] [43] [44] [45] [46] [47] [48] [49] [50] [51] [52] [53] . Corticosteroids applied to tracheal tubes were associated with a reduced incidence of postoperative sore throat compared with non-analgesic comparators, RR (95%CI) 0.39 (0.32-0.46), I 2 = 33.5% (Fig. 1) . There was no evidence of publication bias (p = 0.108). Meta-regression analysis found no explanation for the heterogeneity (Table S2) . The GRADE quality was judged to be high (Table S3) .
Only two trials involving 165 participants attempted to report on adverse events [35, 49] Meta-regression failed to find the source of heterogeneity (Table S2 ). There was evidence of publication bias (p = 0.005). Trim-and-fill testing did not, however, affect this result. The GRADE quality was judged to be moderate (Table S3 ).
All subgroup and sensitivity analyses were consistent with the primary analyses (Table S4) . Trial sequential analysis for postoperative sore throat suggested that 1003 of the required information size of 1580 patients was accrued, and the cumulative z-curve crossed both conventional and trial sequential monitoring boundary for benefit (Fig. S4 ).
Corticosteroids vs. analgesic agents
Thirteen comparative effectiveness trials using analgesic agents as comparators were included. Two trials compared corticosteroids applied to tracheal tubes with intravenous (i.v.) dexamethasone [51, 54] , and one each using ketamine gargle [49] and dexamethasone gargle [43] . Nine trials compared corticosteroids with lidocaine applied to tracheal tubes [35, 36, 39, 40, 45, 47, 48, 50, 52] . (Fig. S6) . There was no evidence of publication bias in any of these outcomes (p = 0.61, 0.13 and 0.26, respectively). The GRADE quality for postoperative sore throat and cough was judged to be high, whereas that for postoperative hoarseness was low (Table S3) . Corticosteroids applied to tracheal tubes were no better than i.v. dexamethasone (postoperative sore throat) [51, 54] , ketamine gargle (postoperative sore throat, cough and hoarseness) [49] or dexamethasone gargle (postoperative sore throat) [43] (Figs. S5 and S6) . The GRADE quality for each outcome was judged to be low.
All subgroup and sensitivity analyses in comparison with lidocaine were consistent with the primary analyses (Table S5) . Trial sequential analysis for postoperative sore throat suggested that, although the required information size was 465 patients, 746 had been already accrued, and the cumulative z-curve crossed both the conventional and trial sequential monitoring boundary for benefit (Fig. S7 ).
Discussion
Sore throat is common, important to patients and affects the quality of recovery [55] . However, although there are some exceptions [56] , much airway research does not assess sore throat even though complications are noted [57] [58] [59] . that trial investigators report on 'harms' associated with interventions [60] . All trials included in our analysis were published after this statement, but only two reported on harms. However, neither short-term, high-dose, systemic corticosteroids before extubation, nor short-term inhaled corticosteroids for asthma, are associated with significant adverse events [61, 62] . Extrapolating these findings, there would be few significant adverse events associated with corticosteroids applied over tracheal tubes.
Our analysis on postoperative sore throat had moderate statistical heterogeneity, but our subgroup analyses failed to find the source of heterogeneity. We could not provide an optimal standardised potency of corticosteroids because data about the extent or total dose of corticosteroids applied to tracheal tubes were unavailable in some trials. Two trials that were excluded from our analysis tested hydrocortisone in preventing postoperative sore throat, and showed no prophylactic benefit in comparison with aqueous lubricating jelly or lidocaine [63, 64] . Some explanations for these findings include:
that hydrocortisone has the weakest potency; trials testing hydrocortisone applied it on a small area to tracheal tubes and larger tracheal tubes were used than in other trials [63, 64] . Our meta-regression analyses with the known risk factors for postoperative sore throat were unable to find a specific group who would benefit from corticosteroids applied to tracheal tubes.
Previous systematic reviews have suggested that systemic dexamethasone [11, 12] , topical lidocaine [66] and ketamine gargle [13] can prevent postoperative sore throat. Our systematic review found that although corticosteroids applied to tracheal tubes are superior to the application of lidocaine, they are no better than systemic dexamethasone and ketamine gargle in preventing postoperative sore throat. However, systemic dexamethasone Our study has some strengths. First, we conducted a comprehensive literature search and found 20 studies.
This large number of trials allowed us to a conduct relevant subgroup, sensitivity and meta-regression analyses to provide some clinically important implications. Second, our review included several comparative effectiveness trials. Our analysis showed that corticosteroids applied to tracheal tubes were superior to topical lidocaine which is known to prevent postoperative sore throat. This is a new finding.
Our study also has some limitations. First, the populations and conditions in the included trials were diverse.
Higher cuff pressure and larger tracheal tubes size are known risk factors for postoperative sore throat [6, 65, 67] . However, we could not adjust for these variables.
Second, biases in the included trials are present despite our attempts to contact the original authors. Sensitivity analyses with trials at low risk of bias were, however, consistent with the primary analysis. Third, publication bias was present in some outcomes despite our comprehensive search. We adjusted these outcomes with trim-andfill testing, but the results remained unchanged. 
Supporting Information
Additional Supporting Information may be found in the online version of this article: Figure S1 . Study selection. Table S1 . Search strategy. Table S2 . Meta-regression analysis of outcomes in comparison with non-analgesic controls. Table S3 . GRADE summary of findings for corticosteroids vs. non-analgesic controls and lidocaine. 
